A basis for understanding the mode of action of sulfonamide drugs in terms of the WoodsFildes theory of antagonism (Woods, 1940; Fildes, 1940) was provided by the elucidation of the structure of folic acid (Stokstad et al., 1946; Angier et al., 1946; Mowat et al., 1948) . Since folic acid contains a p-aminobenzoic acid moiety, it was postulated that the structurally similar sulfonamides compete with p-aminobenzoic acid for a site in the folic acid synthesizing system (Jukes and Stokstad, 1948; Hotchkiss, 1948; Woods, 1950) . The interaction of the sulfonamides and folic acid has since been studied by a number of workers in terms of the WoodsFildes theory (Woods, 1950; Jones, 1946a, b, 1947; Shive and Roberts, 1946) . In most of the work on antagonism Lactobacius casei and Streptococ faecalis, strain R, were grown on a complex medium contg, apart from purines and pyrimidines, vitamins of the B complex and a casein hydrolyzate, which contains, in addition to most amino acids, large amounts of glutamic acid and various unidentified degradation products. Since p-aminobenzoic acid is concerned not only with the synthesis of folic acid but also indirectly via folic acid with the synthesis of the purines, thyymine and methionine (Kohn and Harris, 1943; Shive and Roberts, 1946; Snell, 1946) , it seemed advisable to the authors to investigate a medium free from possible precursors of folic acid or products of its synthetic enzymatic activity. Any growth in this medium then could be attributed to (1) It is the purpose of this paper to present more quantitative data on the sulfonamide-p-aminobenzoic acid relationship by using Escherichia coli and Aerobacter aerogenes, which grow well on a synthetic medium and are known to synthesize folic acid (Thompson, 1942; Miller, 1944 (McGeady, 1950) .
Medium. The synthetic medium of Kohn and Harris was used throughout these experiments.
All ingredients were disolved in double distilled water and the pH adjusted to 7.2. The medium was tubed into Coleman spectrophotometer cuvettes, which had been matched to 1 per cent transmision. Five ml of graded concentrations of metabolites were added in duplicates to 5 ml of medium with and without sulfonamide. All tubes were autoclaved then including those containing sulfonamide sice autoclaving proved to have no effect on its inhibitory action (McGeady, results were unaffected by varying the size of inoculum from 1 to 4 drops which confirmed the results of Kohn and Harris (Harris and Kohn, 1941; Kohn and Harris, 1943 reading made at 24 hours (figure 4). Forty-eight hour readings were abandoned because little increase in growth was found to take place after 24 hours. A PC4 filter generally was employed and readings taken at 450 m,u to correct for the strong yellow coloring of folic acid and "teropterin"; a PC5 filter was used and readings taken at 550 m,u.
In order to interpret galvanometer readings A 24 hr culture grown in presence and absence of sulfonamide with concentration of p-aminobenzoic acid varying from 10-2 M to 10-8 M.
x-x p-aminobenzoic acid. *-* p-aminobenzoic acid and sulfonamide.
acid, and glutamic acid. A 24 hr culture grown in presence and absence of sulfonamide with concentration of p-aminobenzoylglutamic acid varying from 2 X 10-' to 108 m.
x-x p-aminobenzoylglutamic acid 0-0 p-aminobenzoylglutamic acid and sulfonamide.
both with and without sulfonamide. At lower concentrations it markedly overcame the inhibitory effect of sulfonamide for E. coli but was completely ineffective for A. aerogene8.
An interesting effect was observed (figure 3) with varying concentrations of p-aminobenzoylglutamic acid. At 2 X 10-' M it was inhibitory for both organisms in the presence and absence 2 of sulfonamide. At the concentration of 1 X 10-2 M, however, it was inhibitory in the absence of sulfonamide but antagonistic in its presence. In the absence of sulfonamide, p-aminobenzoylglutamic acid probably is hydrolyzed completely by enzymes of both organisms into glutamic acid and p-aminobenzoic acid, the latter being in- (Havas, 1950) .
Effect of cominations of parts of the folic acid molecule. The combinations compared in this study were as follows: (1) p-aminobenzoic acid and glutamic acid versus p-aminobenzoylglutamic acid, (2) pteroic acid and glutamic acid versus folic acid, (3) folic acid and glutamic acid versus "teropterin". sulfonamide (figure 4) .
The third combination, glutamic acid and folio acid, has no effect for either E. coli or A. aerogenes at concentrations ranging from 1 X 10-2 M to 1 X 10-* M (Havas, 1950) . This is to be expected since neither folio acid nor "teropterin" is growth promoting or antagonistic for either organism. Jones (1946a, b, 1947) report that for organisms requiring the preformed molecule of folic acid, high levels of pteroylglutamic acid or pterolytriglutamic acid are effective in overcoming sulfonamide inhibition. Strains capable of synthesizing their own folic acid are sensitive to sulfonamide inhibition when dependent upon this synthesis, but they are resistant in the presence of the preformed molecule.
DISCUSSION
In our experiments with E. coli and A. aerogenes, which also synthesize their own requirements, pteroylglutamic and pteroyltriglutamic acid proved entirely ineffective in overcoming sulfonamide inhibition, even when they were used at the highest posible levels.
An explanation for the inability of some organisms to utilize the preformed molecule was offered by Woods (1950 Woods ( , 1951 who postulated that there might be several higher forms of folic acid into which the commercial folic acid cannot be converted by some microorganisms. The recently isolated citrovorum factor might be one of these forms Bardos et al., 1949) .
As there are species specific proteins, there might be species specific folic acids which differ but slightly, i.e., in their mode of linkage, active methyl groups, or number of glutamic acid residues. The various organisms might differ in their ability to synthesize the final form of folio acid from the preformed molecule. This would explain the apparent inability of A. aerogenes and E. coli to utilize folic acid or "teropterin".
Pteroic acid was found (Lanpen and Jones, 1946b, 1947) In accordance with the findings of other workers Jones, 1946b, 1947; Williams, 1944) , p-aminobenzoylglutamic acid was found to be less effective than p-aminobenzoic acid as an antagonist. The optimum effective concentration, which is 100 times that required of p-aminobenzoic acid for E. coli, does not overcome sulfonamide inhibition as completely as does p-aminobenzoic acid. It is of interest to note that it is also antagonistic for A. aerogenee for which p-aminobenzoic acid has no effect. p-Aminobenzoylglutamic acid was inhibitory when used alone, i.e., without sulfonamide, possibly because in the absence of sulfonamide it undergoes complete hydrolysis to p-aminobenzoic acid and glutamic acid and p-aminobenzoic acid is inhibitory at certain concentrations. 
